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Impact of satellite temperature soundings
during the Data Systems Tests (DST)

 NASA Studies: Halem et al. (1978), Ghil et al.
(1979a,b), Atlas et al. (1979, 1982), Atlas
(1979, 1982)

* NOAA/NMC Studies: Desmaris et al. (1978),
Tracton et al. (1980, 1981)

* NMC acknowledged significant beneficial
impact at AMS NWP conf. in 1979 and in later
papers.




Time-Continuous Assimilation of Remote-Sounding Data
and Its Effect on Weather Forecasting

M. GHIL', M. HALEM AND R. ATLAS
Laboratory for Atmospheric Sciences, NASA Goddard Space Flight Center, Greenbelt, MD 20771
(Manuscript received 7 April 1978, in final form 6 October 1978)

ABSTRACT

Methods are derived for the time-continuous four-dimensional assimilation of satellite sounding temperatures.
The methods presented include time-continuous versions of direct insertion, successive correction and statistical
linear regression. They are applied to temperature sounding data obtained from radiance measurements taken by
instruments aboard the polar-orbiting satellites NOAA 4 and Nimbus 6. The data were collected during
the U.S. Data System Test in January-March 1976.

A comprehensive series of experiments was performed to study the effects of using various amounts of
satellite data and differing methods of assimilation. The expeniments included the assimilation of data
from the NOAA 4 satellite only, from Nimbus 6 only, and of data from both satellites combined. Other
experiments involved variations in the application of our time-continuous statistical assimilation
methods and of asynoptic successive correction methods. Intermittent assimilation of the sounding
data was also tested, and its results compared with those of time-continuous assimilation.

Atmospheric states determined in the assimilation experiments served as initial states for a sequence
of evenly spaced 3-day numerical weather forecasts corresponding 1o each experiment. The effects
of the satellite data were evaluated according to the following criteria: 1) differences between the initial
states produced with and without utilization of satellite data, 2) differences between numerical predictions
made from these initial states, and 3) differences in local weather forecasts resulting from the large-
scale numerical predictions.

Initial-state differences were evaluated in terms of magnitude and location of large-scale differ-
ences between meteorological fields. Numerical prediction differences were evaluated in terms
of §, skill scores and rms errors, as well as by synoptic case studies. An automated forecasting
model (AFM) based on quasi-geostrophic theory and on subjective forecasting principles was de-
veloped to facilitate the objective evaluation of differences produced in local weather forecasts,
especially precipitation forecasts.

These studies suggest the following conclusions: 1) satellite-derived temperature data can have a
modest, but statistically significant positive impact on numerical weather prediction in the 2-3 day
range; 2) the impact is highly sensitive to the quantity of data available, and increases with data
quantity; and 3) the method used to assimilate the satellite data can influence appreciably the
magnitude of the impact obtained for the same data.



The Impact of Satellite Soundings on the National Meteorological Center’s Analysis and
Forecast System —The Data Systems Test Results

M. S. TRacTON, A. J. DESMARAIS, R. J. VAN HAAREN! AND R. D. MCPHERSON
National Meteorological Center, National Weather Service, NOAA, Washington, DC 20233
(Manuscript received 29 January 1979, in final form 28 December 1979)

ABSTRACT

In order to assess the value of remote sounding data for numerical weather prediction, parallel sets of
analyses were produced with (SAT) and without (NOSAT) the sounding data from the experimental
Nimbus-6 and operational NOAA-4 satellites for the Data Systems Test periods, 18 August-4 September
1975 (DST-5), and 1 February-4 March 1976 (DST-6). All other factors, i.¢., the assimilation method
and remainder of the data base, were identical for both the SAT and NOSAT modes of each set. For
selected days of DST-5 and DST-6, forecasts were generated through 72 h over the Northern Hemisphere.
Differences between corresponding SAT and NOSAT analyses and the forecasts produced therefrom
were assessed via a set of objective and subjective procedures, including evaluation of standard skill
scores and judgment by experienced meteorologists.

The effect of remote temperature soundings in the NMC DST experiments was generally small and of
inconsistent sign, i.¢., beneficial in some cases, harmful in others. The average of these positive and nega-
tive contributions over the cases considered proved slightly positive for the DST-6 period and slightly nega-
tive for the DST-S period. Neither result was judged of much meteorological consequence. Overall, we con-
clude that the remote soundings had little impact on forecasts in the Northern Hemisphere.

However, systematic differences were noted between the SAT and NOSAT analyses—the amplitudg
of weather systems was consistently less in the SAT mode. The reduced amplitude reflected an intrinsic
characteristic of the remote soundings; viz., the tendency for the satellite temperature retrievals to under-
estimate the spatial variance in the thermal structure of the atmosphere.
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The Effect of Model Resolution and Satellite Sounding Data on GLAS Model Forecasts

R. ATLAS, M. GHIL' AND M. HALEM
Laboratory for Atmospheric Sciences, NASA/Goddard Space Flight Center, Greenbelt, MD 20771
(Manuscript received 15 April 1981, in final form 11 March 1982)

ABSTRACT )

An experiment was performed to study the effect of increased model resolution on satellite sounding data
impact. Assimilation cycles were carried out with data from 0000 GMT 29 January to 0300 GMT 2I
February 1976, using coarse- and fine-resolution versions of the GLAS second-order general circulation
model (GCM). For each model resolution, an assimilation cycle was performed using both conventional
and cxperimental data, which included temperature soundings from the NOAA-4 and Nimbus-6 satellites.
A second cycle was run using the same data but excluding the satellite-derived temperature soundings.

The objective analyses produced by the assimilation cycles were used as initial states for a series of evenly
spaced 72 h numerical weather forecasts. Eleven forecasts with the same resolution in the forecast model
as in the data assimilation were performed at 48 h intervals for each assimilation. Additional forecasts were
made with the higher resolution forecast model from the lower resolution assimilation cycle and vice versa.
Initial state differences were evaluated in terms of the magnitude, location and structure of large-scale
differences between meteorological fields. Numerical prediction differences were evaluated by means of
objective scores and subjective comparisons.

Objective scores show & substantially larger beneficial impact of the sounding data at 48 and 60 h with
the higher resolution version of the model. Subjective evaluation also revealed a larger positive impact of
satellite sounding data with the higher resolution model.

This study has two important limitations: it was carried out with two versions of one model, the GLAS
GCM, and the number of forecast cases analyzed is small. Within these limitations, our results indicate
that model improvement enhances the impact of satellite data.
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NOTES AND CORRESPONDENCE

The Growth of Prognostic Differences Between GLAS Model Forecasts
from SAT and NOSAT Initial Conditions

R. ATLAS
Laboratory for Atmospheric Sciences, NASA/Goddard Space Flight Center, Greenbelt, MD 20771
15 April 1981 and 11 March 1982

ABSTRACT

A study of the evolution of sounding data impact in the high-resolution GLAS model forecasts from 19
February 1976 has been conducted. The significant prognostic differences which develop in this case are
shown to be traceable to specific initial state differences which resulted from the assimilation of satellite-
derived temperature soundings.
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FI1G. 3. §, score verification of sea-level pressure (upper curves)
and 500 mb geopotential height (lower curves) forecasts for North
America, averaged over 11 forecasts. Results are presented for the
coarse NOSAT (CN), coarse SAT (CS), fine NOSAT (FN) and
fine SAT (FS) at 12 h intervals.
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F1G. 5. The sca-level pressure ficlds on 0000 GMT 14 February 1976: (a) the 72 h forecast from the coarse-model with NOSAT
initial conditions (CN); (b) the corresponding SAT forecast using the coarse-model (CS); (¢) the corresponding NOSAT forecast using
the fine-model (FN); (d) the corresponding SAT forecast using the fine-model (FS); (¢) the verifying NMC analysis.



F1G. 4. The sea level pressure fields on 0000 GMT 22 February 1976: (a) the 3-day forecast from the coarse-model with NOSAT
initial conditions (CN); (b) the corresponding SAT forecast using the coarse-model (CS); (¢) the corresponding NOSAT forecast using
the fine-model (FN); (d) the corresponding SAT forecast using the fine-model (FS); (¢) the verifying NMC analysis. Dots represent
past positions of the cyclone center at 12 h intervals beginning 0000 GMT 19 February 1976.
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FI1G. 4. The sea level pressure fields on 0000 GMT 22 Februar d). NMC Operational Test
initial conditions (CN); (b) the corresponding SAT forecast using g e e
the fine-model (FN); (d) the corresponding SAT forecast using the fine-model (FS); (¢) the verifying NMC analysis. Dots represent
past positions of the cyclone center at 12 h intervals beginning 0000 GMT 19 February 1976.
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Technical Memorandum 80591

A Comparison of GLAS SAT and NMC
High Resolution NOSAT Forecasts
From 19 and 11 February 1976

Robert Atlas
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On the System Dependency of Satellite Sounding Impact— Comments
on Recent Impact Test Results

M. S. TRaCTON, A. J. DESMARAIS, R. J. vAN HAAREN' AND R. D. MCPHERSON
National Meteorological Center, National Weather Service, NOAA, Washington, DC 20233
4 March 1980 and 3 July 1980

ABSTRACT

As shown by the Data Systems Test results, the impact of satellite temperature soundings on
numerical weather prediction is highly dependent on the particular analysis and forecast system used
to incorporate the data. The more amenable a system is to improvements, the greater the potential
for the satellite observations to produce a beneficial effect.

yses. An improved version of the GLAS system
has been applied recently to demonstrate two cases
(11 and 19 February 1976) for which positive impact
was obtained and the GLAS system outperformed
that of NMC (Atlas, 1979). We are delighted that
two cases of undisputed positive impact have been
identified.



Impact of current and future satellites

* |Impact of current instruments
— SeaWinds on Quikscat,
— TRMM, AIRS, MISR, MODIS

* New instruments and their potential
— Doppler Wind Lidar
— XOVWM or Dual Frequency Scatterometer
— Aries
— PATH



Impact of SeaWinds Scatterometer Data on Ocean

Surface Analysis and Weather Prediction



Example of a Cyclone Added by Seawinds in the North Atlantic
(shaded field represents clouds from GOES East IR4)

NCEP Analysis VAM Analysis

Ambiguous Seawinds Unique Seawinds
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Detecting the Birth of

Tropical Storms
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Using QuikSCAT surface wind data from 2000-2001, Li et

by which tropical

cyclones (TC) are formed in the western North Pacific.

identified various processes
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NCEP 60h forecast w/o Quikscat

Example of Hurricane Forecasting

NCEP 60h forecastm with Quikscat
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Prediction of Hurricane Cindy using QuikScat Data

Magnitude Error Displacement Error
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Analysis | Cyclones | Cyclones Position Impact Vorticity Impact | Max Wind Impact

Added Deleted | Avg (km) Max Avg Max Avg (m/s) Max
NCEP 155 346 89 186 -0.4 2.4 0.5 2.4
GEOS-5 309 379 100 251 0.1 4.5 0.7 3.0
NCEP NO QSCAT ANA
~ -
M

Pos F ¢ § ¢

i 5 § ¥

Al
06201SEP2005

Figure 12 NCEP 1000mb wind analysis on
September 1, 2005 6Z. The top left panel shows the
NCEP Control analysis (no Quikssat) depicting a
closed circulation center (located at the endpoint of
the vector marker). Quikscat wind barbs (red) are
show for reference. The top right panel shows the

1000mb wind analysis for the NCEP analysis that
assimilated the Quikseat winds. The NCEP
operational analysis (bottom left) is shown for
comparison. In general, the assimilation of Quikscat
in the NCEP DAS results in many more deleted
cyclones than added as can be seen in this example.
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Operational Use and Impacts of TRMM
Instruments at NCEP

— Real-time estimate of Hurricane intensity and
structure (TPC)

— Routine precipitation product

— Input to global data assimilation for model initial
conditions



Improving Tropical Cyclone Track
Forecasts
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Assimilation of TRMM rainfall location, intensity and vertical structure into hurricane
forecast models leads to improvements in forecasts of future position
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Dr. A. Hou, NASA DAO

Reduced track errors can save money ($600K - $1M per mile of coast
evacuated) and save lives by more precise prediction of eye location at landfall



Multiangle Imaging

SpectroRadiometer (MISR)
on NASA'’s Terra Satellite

High Resolution Cross-Track

Winds

«Data available from 2000 to
present

*Purely geometric retrieval,
model independent

*Spatial Resolution (1.1 km)
*Height Resolution (< 500 m)
*Accuracy (2-3 m/s)

*Detailed rotation structures
inside the eyewall

*Potential useful for hurricane
intensity studies
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AIRS Improves Tropical Cyclone Forecast

Recent Paper finds AIRS Has Major Impact to Tropical
Cyclone Nargis Forecast in Re-Analysis (After Event)

AIRS 12z 2May (108h FC)

GEDS—5 AIRS 108h FC and  }52
Cyclone Nargis Obs, Track l.t

[ No Cyclone

AT >
2= \0);

1002 /‘W' )

Good landfall location ;5/

Good landfall timing
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A
5 of the 7 forecasts’ 4 }?‘5‘&\ X
error at landfallis ' ~
less than 50km

Reale, O., W. K. Lau, J. Susskind, E. Brin, E. Liu, L. P.
Riishojgaard, M. Fuentes, and R. Rosenberg (2009), AIRS
impact on the analysis and forecast track of tropical cyclone
Nargis in a global data assimilation and forecasting system,
Geophys. Res. Lett., 36, L06812, doi:
10.1029/2008GL037122.
http://www.agu.org/journals/gl/gl0906/2008GL037122/



Advanced Sounder (ARIES)
High Spatial / High Spectral Resolution

ARIES

SANAAPINANNAAAAANNANNANNNAS

Spectral Range Spectral No.
Resolution | Channels
MW1 | 2100-2950 cm | 1.0cmt | 787

MW2 1150 - 1613 cm™’ 0.5cm! 1000
LWA1 880 - 1150 cm™’ 0.5 cm™ 637
dhor Isosurface— — -2 LW2 650 - 880 cm™! 0.4 cm! 674
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ther Temperature and Humidity

Precipitation and All-weather Temperature and Humidity
(PATH)
Launch: 2016-2020
=l P Mission Size: Medium
More accurate,
Sea surface longer-term weather
temperature forecasts
Improved storm track
Temperature and and intensification
humidity profiles prediction and
evacuation planning
Constraints on Determination of
models for boundary geographic
layer, cloud, and distnbution and
precipitation magnitude of storm
processes surge and rain
accumulation

—hr

High frequency, all-w S anayspectm $450 M
and bumidity soundings for weather S

forecasting and SST* Ji S '
Note: The NRC panel put PATH in the 3rd grot {ecting their perception of the maturity of the required technology

Recent developments indicate a higher level of read d it may be feasible to implement PATH earlier than thought

PATH

May 9, 2007: in-work! Use or disclosure of data contained on this page is subject to the restriction on the titie page of this document JPL 4



ANOMALY CORRELATION
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PREDICTION OF HURRICANE 1

ALL

Doppler Wind Lidar Impact =
on Hurricane Prediction -

34N A

Based on OSSE’s conducted by
NASA/GLA and NOAA/AOML in
collaboration. “on-

33N

MLE

* Hurricane forecast tracks
improved when adding
simulated Doppler wind
lidar observations (blue) .
— 100 km spacing ]
— 25 km target sample volume
— 1 m/s accuracy
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Summary

Quantitative satellite data has been making important contributions to
numerical weather prediction since the late 1970’s.

It has contributed to improved initial conditions as well as to the
development of improved models and data assimilation systems.

Results from the NASA and NOAA OSSEs that were conducted over the
past twenty years using four different data assimilation systems, all
indicate that there would be a substantial impact of space-based lidar
winds on weather prediction provided that sufficient coverage and
accuracy are achieved.

The need for higher temporal and spatial resolution suggest that ARIES,
PATH, and XOVWM or Dual Frequency Scatterometer data have great
potential to improve weather prediction beyond its current state.



